The Qinghai-Tibet Plateau plays an important role in the ecological safety and human health of the surroundings due to its unique geographical position and function. Therefore, it is necessary to study the pollution status and potential risk in this area. This study summarizes the distribution of different organic pollutants in biota and environmental media of the Qinghai-Tibet Plateau. Moreover, it also pays attention to the potential health risks of these organic pollutants. Organochlorine pesticides (OCPs), polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and polybrominated diphenyl ethers (PBDEs) were the most frequently detected in different matrices. In general, the carcinogenic risks of organic pollutants were ranked in the verylow to moderate range for both children and adults. The carcinogenic risks of organic pollutants in fish, food, and water for children were 1-2 times higher than those for adults, while risks of organic pollutants in soil/sediment and in air for children were generally 10.6-16.5 and 2.6-2.8 times higher than those for adults, respectively. The maximal hazard quotient for non-carcinogenic risk was 0.95 (potential risk for children posed by organic pollutants in yak milk of Ruoergai), almost reaching an unacceptable level. Therefore, the potential health risks could not be neglected, especially for children who were more likely to be affected by the pollutants.
Introduction
Known as the highest geographical unit in the world, the QinghaiTibet Plateau has attracted increasing attention due to its unique and critical ecological functions. Being the third polar region and roof of the world, the Qinghai-Tibet Plateau is a vast region with area of approximately 3.0 × 10 6 km 2 (about 2.5 × 10 6 km 2 in China). Several important rivers including the Yangtze River, the Yellow River, Lancang River, etc. originate in this area that has an average elevation of over 4000 m. Since pollutants originating/being introduced in the QinghaiTibet Plateau have the potential to move thousands of km downstream in these rivers, it is very important to study the pollution status in this area.
Organic contaminants in alpine ecosystems have been recently received more attention due to their potential impact on humans who live within alpine regions or depend on resources such as water originating from high-elevation regions and ecosystems themselves (Daly and Wania, 2005) . Chlorinated organic compounds, an important group of organic contaminants, have been widely applied in industry and agriculture. They generally include DDT (dichloro-diphenyltrichloroethane), hexachlorobenzene (HCB), lindane (γ-HCH or gamma-hexachlorocyclohexane), polychlorinated biphenyls (PCBs), polychlorinated dibenzo-para-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and so on. As main parts of organochlorine pesticides (OCPs), DDT, HCB, and HCH have been extensively studied due to their persistence and toxicity (Mrema et al., 2013) .
Although PCBs have been banned by many countries and will be eventually eliminated by 2025 (Borja et al., 2005) , they are attracting attention due to their environmental persistence and potential threat to human health (USEPA, 1996) . In recent decades, flame retardants have been widely added to various consumer products due to their excellent characteristics. However, they have also aroused concerns since these products have increasingly been observed in humans and biota (Meironyté et al., 1999; Dietz et al., 2013) . Among them, polybrominated diphenyl ethers (PBDEs) have been extensively studied due to their potential toxicity and environmental persistence (Ni et al., 2013) .
Polycyclic aromatic hydrocarbons (PAHs) are a group of over 100 individual compounds containing two or more fused aromatic rings (Barro et al., 2009) . PAHs are mainly produced from incomplete combustion/pyrolysis of organic matter, existing in the environment through natural and anthropogenic activities (Purcaro et al., 2013) . PAHs have received increasing attentions due to their proven or potential genotoxicity and carcinogenicity (Capone and Bauer, 1992; Purcaro et al., 2013) and their long-distance transportation characteristics (Ravindra et al., 2008; Pandey et al., 2011) .
The Qinghai-Tibet Plateau is often regarded as the clean region in China due to its high elevation, small population, broad virgin land, and minimal disturbance by human activities (Wang et al., 2010a; Yang et al., 2013) . However, observations in recent years have provided surprising facts (Wang et al., 2007a; Yang et al., 2007; Li et al., 2014) . This paper summarizes the concentrations of different organic pollutants including OCPs, PCBs, PBDEs, PCDD/Fs, PAHs, and other organic contaminants in fish, plants, food, soil, water, and air. It also focuses on evaluating the potential health risks of these pollutants in the Qinghai-Tibet Plateau. The final objective of this study is to provide comprehensive information and basis for the environmental protection of this unique area.
Methods and materials
A review of published articles that included data on organic pollution in the Qinghai-Tibet Plateau was conducted. The data gleaned from these studies are summarized in Tables S1-S4 and locations of the collection sites are shown in Fig. S1 .
The potential risks posed by the organic pollutants found in these studies include both carcinogenic risks and non-carcinogenic risks, expressed as the cancer risk (CR) and hazard quotient (HQ), respectively. The equations and parameters for calculating CR and HQ are described by USEPA (1994), Rovira et al. (2010) , Pan et al. (2014) , Sultana et al. (2014) , Liu et al. (2015) , USDA (2015) , Gerber et al. (2016), and USEPA (2016) . Detailed information on the procedures is shown in the Supporting Information section.
Results and discussion
3.1. Current organic pollution status around the Qinghai-Tibet Plateau 3.1.1. Distribution of OCPs around the Qinghai-Tibet Plateau Surprisingly, OCPs were frequently detected in the biota, food, and environmental media of the Qinghai-Tibet Plateau. DDTs, HCHs, and HCB were all detected in fish of this area. DDTs were the dominant pollutant, followed by HCHs and HCB. Yang et al. (2007) analyzed HCHs, DDTs, and HCB in fish from Nam Co Lak, Yamdro Lake, and Lhasa River (Table S1 ). They found pesticides were easily bioaccumulated in gills. Later, Yang et al. (2010) measured the concentrations of OCPs in fish samples collected from 8 lakes in the Qinghai-Tibet Plateau (Table S1 ). They speculated that the summer Indian monsoon and winter western jet-stream significantly affect the fate and transport of pollutants in this plateau.
Accordingly, distribution of OCPs in plants (including agricultural crops) showed the same trend of that in fish. DDTs were still the dominant pollutant. Interestingly, HCHs served as the main pollutants in yak muscle, liver, and milk. Wang et al. (2006) investigated OCPs in spruce needles growing in the Zhangmu-Nyalam region (Table S1 ). They speculated that technical HCHs might be used in this region because the ratio of α-HCH/γ-HCH was similar to that of technical HCHs. Moreover, the high ratios of o-p′-DDT/p-p′-DDT and no detected p-p′-DDE suggested that o-p′-DDT and/or p-p′-DDT might come from a new source. Wang et al. (2007a) reported that DDT components were the dominant pollutants among OCPs in the grass from Mt. Everest (Mt. Qomolangma). Concentrations of HCH and DDT in grass were the same or slightly higher than those in moss collected from Mt. Everest 15 years ago. Wang et al. (2007a) also speculated that OCPs in the Qinghai-Tibet Plateau possibly come from nearby regions (especially India) according to the isomer ratios (α/γ-HCH and p-p′-DDE/p-p′-DDT). Yang et al. (2013) analyzed samples of soils, lichens, conifer barks, and needles collected from five transects of the southeastern Qinghai-Tibet Plateau to investigate the accumulation patterns of semivolatile organic pollutants in this region (Table S1 ). The concentrations of OCPs generally increased with rise in elevation of transects 1, 3, and 4. Zhu et al. (2015) investigated concentrations of OCPs in lichen, moss and soil collected from the southeastern Qinghai-Tibet Plateau. DDTs, endosulfans, HCHs and HCB were dominant pollutants in all of the samples (Table  S1 ). DDTs and HCHs in the sampling region had fresh inputs according to source analysis. Significant linear relationships were found between the concentrations of 12 OCPs and 14 PCBs in lichens and the elevation at which they were located. Pan et al. (2014) investigated OCPs and PCBs in grass, yak liver, muscle, and milk in the Ruoergai prairie. DDTs and endosulfans were the main contaminants in grass, with the average concentrations of 2.86 and 1.98 μg/kg dry weight (dw). HCHs readily bioaccumulated in yak liver and milk, with average concentrations of 11.4 μg/kg fresh weight and 4.46 μg/kg fat, respectively. Wang et al. (2016) also reported that the average concentrations of DDTs and HCHs were, respectively, 0.661 and 0.0364 μg/kg dw in Tibetan highland barley and 1.03 and 0.0225 μg/kg dw in rape. OCPs did not significantly bioaccumulate in crops, especially HCHs.
The distribution of OCPs in soil and water was somewhat site-specific. However, the concentrations of DDTs were generally higher than those of other OCPs. For example, only DDT components were detected in the soil samples from Mt. Everest (0.385-6.06 μg/kg) while HCB and HCHs were not detected in the same samples (Wang et al., 2007a) . Wang et al. (2007b) studied OCPs in fresh-fallen snow on East Rongbuk Glacier of Mt. Everest at different elevations. DDT components in snow showed elevation cold-trap effects while HCB did not. Xing et al. (2010) reported that the concentrations of HCHs and DDTs in soil ranged from 0.22 to1.45 and from 0.15 to 6.69 μg/kg, respectively. The results confirmed the long-range atmospheric transport of OCPs. Results obtained by Tao et al. (2011) showed that average concentrations of HCHs and DDT components in soil samples from 28 sites of the Qinghai-Tibet Plateau were 0.329 and 0.467 μg/kg, respectively. Interestingly, some scientists reported that the HCB concentration in urban soil sample from Xining was very high (9.79 μg/kg) (Huang et al., 2014) . Wang et al. (2012) investigated the concentrations of DDTs, HCHs, and HCB in 40 surface soil samples (0-5 cm) (Table S1 ). They found that soil DDT, HCB, PCB and PBDE concentrations were strongly influenced by soil organic carbon (SOC) content. Whereas the average concentrations of HCHs, DDTs, and HCB in soil samples collected from the southeastern the Qinghai-Tibet Plateau were 0.40, 2.85, and 0.17 μg/kg, respectively (Yang et al., 2013) . Liu et al. (2013a) speculated that the agricultural fields in the Sichuan Basin might be a major source of the OCPs in soils along the Mianzhu-Aba profile. They found concentrations of DDTs decreased with the increasing elevation. Moreover, they concluded that risks posed by OCPs in water of this area were moderate while heptachlor, aldrin, HCB, and HCH might pose potential carcinogenic effect if these pollutants exist in drinking water (Liu et al., 2015) . found that DDTs were highly stable in forest soils after they analyzed OCPs in 7 soil profiles from Mt. Sygera. They also confirmed higher accumulation of OCPs in forest soil of the Qinghai-Tibet Plateau. Zhu et al. (2015) found that DDTs accounted for about 54% of total 28 OCPs with average concentration of 0.65 μg/kg. Wang et al. (2016) investigated concentrations of DDTs and HCHs in Tibetan agricultural soils with the average values of 1.36 and 0.349 μg/kg dw, respectively.
The distribution of OCPs in sediment was also site-specific. Tao et al. (2014) investigated deposition and regional distribution of HCHs and p, p′-DDX (DDT, DDD, and DDE) from a lake sediment core and surface soils in the western and southern Qinghai-Tibet Plateau (Table S1) . Cheng et al. (2014) collected sediment cores from 5 critical regions in the Qinghai-Tibet Plateau (Table S1 ). The DDT and HCH concentrations in sediments collected from Yamzho Yumco Lake, Nam Co Lake, and Star Sea all have increased since the late 1980s. Lake sediment is regarded as an important sink for OCPs. Therefore, increased glacier melt-water resulting from global warming would be expected to increase the potential for recycling organic pollutants such as OCPs in the QinghaiTibet Plateau (Cheng et al., 2014) . Li et al. (2006) , Cheng et al. (2007) , and Xiao et al. (2010) studied OCPs in air of the Qinghai-Tibet Plateau. Concentrations of HCHs in air were generally higher than that reported for other pollutants, with DDTs and endosulfan also being important components. Maximum HCHs, DDXs, and HCB concentrations occurred in Waliguan, with values of 281, 157, and 71 pg/m 3 , respectively. Wang et al. (2010a) collected air samples at 16 locations on the Qinghai-Tibet Plateau using passive air samplers to investigate the persistent organic pollutants in the atmosphere (Table S1 ). The highest concentrations of HCB, PCBs, and PBDEs were found at a site impacted by a forest fire during sampling. Ren et al. (2014) (Table S2 ). The results showed that the temperature, precipitation, longitude, and latitude of the sampling sites significantly affected concentration variation of PBDEs and mercury in fish. The transport and fate of organic pollutants were particularly affected by the Indian monsoon and westerly jet stream.
The concentrations of PCBs and PBDEs were related to the species of plants. Zhu et al. (2015) reported that the average concentrations of PBDEs, PCBs, and HBCDs (hexabromocyclododecane congeners) in lichen and moss were 0.16/0.36/0.14 and 0.028/0.30/ND μg/kg, respectively. The concentrations of 13 PBDEs, 18 PCBs and 3 HBCDs were much lower than that of 28 OCPs. Concentrations of PCBs in lichens were significantly related to elevation, while contaminants in mosses did not show clear relationship with elevation. Liu et al. (2014a) measured concentrations of 24 PCBs in soil, moss, and air from nine elevations on the eastern slope of Mt. Gongga (Table S2 ). They found that mosses were more capable of retaining heavier PCBs. Furthermore, PCBs in mosses did not show significant relationship with elevation. Li et al. (2014) reported that the average concentration of PCDD/Fs in Rouzi grass collected from Zhangmu-Nyalam was 62.0 ng/kg. PCDD/Fs could bioaccumulate in vegetation based on the higher concentrations in grass and lower concentrations in soil.
The concentrations of PCBs and PBDEs in food were relatively high. Wang et al. (2010b) explored the concentrations of PCBs and PBDEs in 32 Tibetan butter samples collected from seven prefectures and 3 comparative samples from Sichuan, Gansu, and Qinghai. Concentrations of 25 PCBs in the Tibetan butters were lower than that from Sichuan province (2518 ng/kg). The concentrations of 12 PBDEs in the Tibetan butters were far lower than the PCB concentrations (Table S2) . Atmospheric deposition was the source of PCBs and PBDEs in the southern Plateau whereas tropical monsoons from South Asian were the main pollution source in the Western Plateau based on back trajectory models. Pan et al. (2014) found that PCBs were not detected in yak muscle and liver, and only low concentrations were reported in yak milk.
PCBs were the dominant pollutant in air around the Qinghai-Tibet Plateau. Cheng et al. (2007) reported concentrations of PBDEs in air of Waliguan, with average value of 8.3 pg/m 3 . The high concentrations of PBDEs were mainly related to long-distance air mass transport from the adjacent regions such as Russia and Kazakhstan. Xiao et al. (2010) found the concentrations of PCBs in air near Nam Co Lake were low (Table S2) , and there was low pollution potential. Ren et al. (2014) reported PCBs concentrations in air of the southeastern Qinghai-Tibet Plateau (Table S2 ) and speculated that the forests of the southeastern Qinghai-Tibet Plateau might form an important barrier (called a forest filter effect) to obstruct the long-distance transport of organic pollutants. Zhu et al. (2014) investigated the concentrations and patterns of 25 PCBs, 13 PBDEs, and 3 HBCD isomers in the air of the Mt. Shergyla. Most of the target POPs had significantly higher concentrations in summer than in winter. PBDEs and HBCDs showed the lowest background concentrations. Liu et al. (2014a) reported that PCB28 was the dominant congener, whereas the concentrations of heavier congeners were always below 1 pg/m 3 in air of the eastern slope of Mt. Gongga. Wang (Table S2) . They found two opposite relationship between pollutant concentration and elevation. Below 4500 m, the concentration trend was negative and above this elevation, the relationship was positive. Furthermore, the results showed less volatile congeners were enriched more easily than more volatile chemicals at higher elevation regions. Wang et al. (2012) reported that the concentrations of 15 PCBs and 9 PBDEs in soils were in the range of 75-1021 and BDL (below detection limit) to 27 ng/ kg dw, respectively. Zheng et al. (2012) investigated PCBs and PBDEs in soil under the condition of air transport (Table S2) . Total toxic equivalency (TEQ) of dioxin-like PCBs ranged from 22 to 94 fg TEQ/g. The results suggested that total organic carbon (TOC) played a significant role in accumulation potential of POPs and dominated the soil-air exchange of PCBs. Yuan et al. (2012a Yuan et al. ( , 2012b investigated the elevation distribution of 42 PBDE congeners in the mountains of the Central Plateau (Table S2 ). The PBDE concentrations were normalized by SOC and mineral contents and were found to be positively related to the elevation in this area. BDE-3 was the dominant congener, followed by BDE-2 and BDE-1. Tian et al. (2014) speculated that cold condensation of PCBs would happen above 4500 m on the Qinghai-Tibet Plateau. Liu et al. (2014a) measured concentrations of PCBs in soil from the eastern slope of the Mt. Gongga (Table S2) . SOC was a key determinant explaining 75% of the variation in concentration along the elevation gradient. Sun et al. (2015) investigated PBDEs in surface-soil samples from an area near the Changwengluozha Glacier. Clay was proved to play an important role in debromination of PBDEs in soils. Yuan et al. (2015a) found the concentrations of 122 PCBs congeners in 44 soil samples ranged from 66.98 to 150.81 ng/kg. Jia et al. (2014) compared the concentrations of PCDDs and PCDFs in 35 soil samples collected from Fildes Peninsula in the Antarctic, Ny-Ålesund in the Arctic, and Zhangmu- Fig. 1 . Potential risks in fish, food, and water from the Qinghai-Tibet Plateau. A and C refer to adults and children, respectively; NCL means Nam Co Lake; YL means Yamdro Lake; LR means Lhasa River; QL means Qinghai Lake; KL means Keluke Lake; CNL refers to Co Na Lake; BL refers to Basun Lake; ML refers to Manasarovar Lake; PL refers to Palgon Lake; TAA refers to Tibetan agricultural area; 7P refers to 7 prefectures of the Qinghai-Tibet Plateau; MAP refers to Mianzhu-Aba Profile; ME refers to Mt. Everest.
Nyalam in the Qinghai-Tibet Plateau. PCDD/Fs concentrations in the soil of Zhangmu-Nyalam were the highest (26.22 ng/kg dw; range 2.43-73.28 ng/kg dw). Zhangmu-Nyalam suffered the highest occurrence of PCDD/Fs due to contributions of both local and regional sources. Tian et al. (2014) reported that concentrations of PCDD/Fs congeners were quadratically related with elevation. Moreover, cold condensation of PCDD/Fs occurred above 4500 m on the Qinghai-Tibet plateau based on the concentration-elevation curve.
PAHs distribution in the Qinghai-Tibet Plateau
Compared with OCPs, PCBs, PBDEs, and PCDD/Fs, PAHs in the plants exhibited the highest concentrations, generally exceeding 10 μg/kg and with a maximum of 638 μg/kg. Wang et al. (2006) reported total PAH concentrations in spruce needles growing in the Zhangmu-Nyalam region were below 600 μg/kg. PAHs in spruce needles increased with higher elevation. Moreover, high PAHs concentrations along with a positive correlation with elevation implied that PAHs might originate from the nearby sampling sites. Wang et al. (2007c) also investigated total PAH concentrations in grass samples collected from Mt. Everest. Grass types had influence on grass PAH concentrations. Phenanthrene, fluorene, and fluoranthene were the dominant congeners in grass, with the maximum concentrations of 52.8/80.6, 23.2/26.4, and 7.11/ 8.17 μg/kg for Rouzi/Jidou, respectively. They speculated that the combustion for home heating and vehicle emission might be the main Fig. 2 . Potential risks in soils from the Qinghai-Tibet Plateau. A and C refer to adults and children, respectively; ME refers to Mt. Everest; SETP refers to the southeast of the Qinghai-Tibet Plateau; NP refers to Nyingchi Prefecture; 28S refers to 28 sites of the Qinghai-Tibet Plateau; TP refers to the Qinghai-Tibet Plateau; ESTP refers to the eastern slope of the Qinghai-Tibet Plateau; 24S refers to 24 sites of the Qinghai-Tibet Plateau; MAP means Mianzhu-Aba Profile; TAA means Tibetan agricultural area; CTP means the central Qinghai-Tibet Plateau; CG means Changwengluozha Glacier; STP means Southeast of the Qinghai-Tibet Plateau; MG means Mt. Gongga; GSWTP means the central and southwestern Qinghai-Tibet Plateau; MB refers to Mt. Balang; MSy refers to Mt. Sygera; LS refers to Lhasa and Shigatse; ZTL refers to Zige Tangco Lake; YYL refers to Yamzho Yumco Lake; NCL refers to Nam Co Lake; CNgL refers to Co Ngoin Lake; SSW refers to Star Sea Wetland; ZW refers to Zoige Wetland; QL refers to Qinghai Lake. sources of PAHs in this region. Yang et al. (2013) focused on conifer needles, bark, and lichen samples collected from 5 transects along the southeastern plateau (Table S3 ). Based on the PAH isomer ratios, they deduced that PAHs might be mainly from combustion of different fuels.
There were also high concentrations of PAHs in soil, generally exceeding 50 μg/kg and with a maximum of 770 μg/kg. The average concentration of PAHs in soils from 28 sites of the Qinghai-Tibet Plateau was 51.8 μg/kg (Tao et al., 2011) . The total concentration of 16 PAHs in soil samples from the Southeastern Plateau were 201 ± 126 μg/kg (Yang et al., 2013) , higher than that reported by Tao et al. (2011) . Wang et al. (2014b) reported that the concentrations of PAHs in the surface soils (Table S3) . They surmised that the soils were the main sink for heavier PAHs but "secondary source" for lighter PAHs. Elevation played an important role in PAHs distribution in soils. Yuan et al. (2014 Yuan et al. ( , 2015b reported PAHs contents in soils of the Changwengluozha Glacier and the central Qinghai-Tibetan Plateau (Table S3 ). PAHs in soils of sub-areas might have different sources including combustion of yak/sheep dung and vehicle emissions.
Soils are generally thought to be the main sink for global PAHs cycling. Han et al. (2015) reconstructed the historic deposition of polycyclic aromatic compounds (PACs) in a 150-year-old sediment core from different sub-basins of Lake Qinghai. The concentrations of 28 PAHs, 2/ 3-ring PAHs, and high-molecular-weight PAHs were relatively stable before 1980, and sharply increased thereafter. Concentrations of 4 azaarenes (AZAs) also increased in the upper part of the sediment core in a similar manner to 28 PAHs. He et al. (2015) analyzed 16 priority PAHs in the soils collected from 6 sites of Tibet. Local emission and long-distance transport from Indian might contribute to the higher PAHs in Southeastern Tibet.
Compared with OCPs, PCBs, PBDEs, and PCDD/Fs, PAHs in air exhibited the highest concentrations, generally reaching ng/m 3 levels. Xiao et al. (2010) reported that the total content of 16 PAHs in air of Nam Co Lake varied from 0.080 to 2.23 ng/m 3 . They found that 3 and 4-ring PAHs were the dominant pollutants in air. Moreover, acenaphthene concentrations significantly increased during the summer. Li et al. (2012) collected PM 2.5 in the tents, and TSP in & out of the tents to Fig. 3 . Potential risks in air from the Qinghai-Tibet Plateau. A and C refer to adult and child, respectively; RV refers to Rongbuk Valley; NCL refers to Nam Co Lake; 16S refers to 16 sites of the Qinghai-Tibet Plateau; MSy refers to Mt. Sygera; MSh refers to Mt. Shergyla; TP refers to the Qinghai-Tibet Plateau; MG refers to Mt. Gongga. explore the distribution of particle-bound PAHs. The average concentration of 13 PAHs in PM 2.5 inside tents was 5372.45 ng/m 3 , much higher than a previous report (Xiao et al., 2010) . Li et al. (2012) investigated PAHs bound to fine particulate from nomadic tents in the southern Tibetan Plateau (Table S3 ). The average concentrations of total PAHs and benzo[a]pyrene (BaP) within tents was a hundred times higher than those of outdoor air on the Plateau. Liu et al. (2013b) analyzed air samples at two suburban sites of Lhasa city (Table S3 ) and speculated that incomplete wood/cow dung combustion was the main pollution source based on the multiple diagnostic ratios. Chen et al. (2014) investigated the concentrations, seasonal variations, and sources of n-alkanes and PAHs in 62 suspended particle samples collected from Lulang (Table  S3) . They found that approximately 70% of PAHs were composed of 5-and 6-ring compounds. The n-alkanes and PAHs showed significant seasonal variation, with higher concentrations in winter and lower concentrations in summer. Wang et al. (2014b Wang et al. ( , 2015 also investigated PAHs in air and particles (Table S3 ).
Other organic pollutants around the Qinghai-Tibet Plateau
Other organic pollutants such as perfluorinated compounds (PFCs), n-alkanes, etc. were also detected in different environments with nonnegligible concentrations. Shi et al. (2010) reported PFCs in fish muscle collected from lakes in the Qinghai-Tibet Plateau (Table S4) . Perfluorooctane sulfonate (PFOS) were detected in 96% of fish samples. However, concentrations of PFCs were not significantly related with elevation or fish age. Wang et al. (2014c) Most of the organic compounds only displayed weak seasonal variations. However, the concentrations of C 17 n-alkanes in snow and ice samples were strongly affected by the summer monsoon. Tuo et al. (2011) reported that fatty acids were found in all sediment samples from Erhai Lake and Gahai Lake, accompanied by lower concentrations of n-alkanes and n-alkan-2-ones. Liu et al. (2014b) investigated organic acids in the Southern Qinghai-Tibet Plateau. They speculated that secondary organic acid formation in high-elevation regions and the changes in the Asian monsoon might exert an important role in the increased organic compounds within ascending tropical moisture. Mao et al. (2015) analyzed fatty acid, amino acid, and mineral composition of four common vetch seeds on the Qinghai-Tibet Plateau. The results showed the seeds possessed low lipid (1.55-2.74% of dry weight) and high unsaturated fatty acid (74.51-77.36% of total fatty acid). The ratio of essential amino acid to non-essential amino acid was also high, ranging from 0.62 to 0.69.
3.2. Potential risks of the organic pollutants around the Qinghai-Tibet Plateau 3.2.1. Risk assessment on fish, food, and water in the Qinghai-Tibet Plateau
The cancer risk and hazard quotient of the organic pollutants in fish, food, and water around the Qinghai-Tibet Plateau are shown in Fig. 1 . OCPs were the most frequently detected in fish, food, and water samples. The detection frequencies of OCPs, PCBs, and PBDEs were 100%, 58.8%, and 52.9%, respectively. In general, the potential risks of organic pollutants for children were 1-2 times higher than those for adults, suggesting that the children are more susceptible to the organic pollutants. The total cancer risks of organic pollutants in fish for adults ranged from 2.39 × 10 −6 to 9.01 × 10 . Correspondingly, the total hazard quotients for adults and children were in the range of 0.0092-0.42 and 0.012-0.56, respectively. The cancer risks/hazard quotients posed by PCBs in fish accounted for over 53.19%/53.18%.
Interestingly, there were scarce data of organic pollutant concentrations in water of the Qinghai-Tibet Plateau (Tables S1-S4) so that the evaluation results were only obtained from data of OCPs in water and snow. The total cancer risks and hazard quotients in water for adults/ children were 1.15 × 10 . Correspondingly, the total hazard quotients for adults and children were in the ranges of 0.0073-0.71 and 0.0097-0.95, respectively.
OCPs in food posed the main potential risks. However, it was interesting that PCBs in yak milk posed the main non-carcinogenic risk (accounting for 56.7% of the total hazard quotient) while cancer risk posed by OCPs in milk reached 57.7% of the total CR, although the concentrations of PCBs in milk were 10-fold lower than those of OCPs. This suggested that PCBs possessed more serious risk than OCPs. Although the cancer risks for adults and children were ranked at low-to-moderate levels based on qualitative ranking criterion (Ge et al., 2013) , the potential health risk could not be neglected, especially for the children who were more likely to be affected by the pollutants. Accordingly, the non-carcinogenic risks posed by organic pollutants also deserve more attentions since the maximal HQ (0.95) almost reached an unacceptable level.
Risk assessment on soil/sediment in the Qinghai-Tibet Plateau
The cancer risk and hazard quotient of the organic pollutants in soil around the Qinghai-Tibet Plateau are shown in Fig. 2 . OCPs were the most frequently detected in soil/sediment. The detection frequencies of OCPs, PAHs, PCBs, and PBDEs were 65.4%, 30.8%, 30.8%, and 23.1%, respectively. The total CRs/HQs of organic pollutants in soil for adults were in the ranges of (1.88 × 10 −9 − 8.59 × 10 ) while those for children were in the ranges of (2.00 × 10 −9 − 9.43 × 10 − 5 ) / (5.37 × 10 − 5 − 6.50 × 10 − 3 ). Accordingly, the total CRs and HQs of organic pollutants in sediment for adults were in the ranges of 1.92 × 10 −9 − 6.99 × 10 −6 and 3.16 × 10 −8 − 7.67 × 10 −5 , respectively. For children, they were in the ranges of 2.37 × 10 − 5 − 6.45 × 10 − 4 and 1.46 × 10 − 4 − 2.63 × 10 − 3 , respectively. Based on the evaluation results, children are much more susceptible to the organic pollutants in soil/sediment than adults. The carcinogenic risks of organic pollutants in soil/sediment for children were generally 10.6-16.5 times higher than those for adults, while the non-carcinogenic risks for children were 3.9-6.2 times higher than those for adults.
The maximum HQs were much lower than 1, suggesting that noncarcinogenic risk posed by organic pollutants in soil/sediment could be very low to be neglected. However, the carcinogenic risks were ranked as very-low-to-low levels for adults and very-low-to-moderate levels for children. The results implied that the children have a higher potential to be affected by the organic pollutants in soil/sediment, and they deserved more effective protection.
PBDEs, OCPs, PCBs, and PAHs were all detected in soil/sediment. The trend in cancer risk of organic pollutants in soil/sediment was PBDEs b OCPs b PCBs b PAHs while the hazard quotient trend was PBDEs b OCPs b PAHs b PCBs. These results suggested that PAHs in soil/sediment of the Qinghai-Tibet Plateau account for higher carcinogenic risks while PCBs result in higher non-carcinogenic risks. The risks posed by the organic pollutants through different routes are shown in Figs. S2-S5 . In terms of different exposure pathways, the increasing trend in potential risks (CRs and HQs) was inhalation b dermal contact b ingestion, similar to that of other sites (Ge et al., 2013; Qu et al., 2015) . Reducing ingestion exposure might be an effective approach to decrease potential risks of organic pollutants in soil/sediment. Fig. 3 shows the cancer risk and hazard quotient of the organic pollutants in air around the Qinghai-Tibet Plateau. OCPs are the most frequently detected in air, followed by PAHs and PCBs. The total CRs of organic pollutants in air for adults ranged from 6.06 × 10 −12 to 3.40 × 10 −6 , while those for children ranged from 1.63 × 10 − 11 to 9.15 × 10 −6
Risk assessment on air in the Qinghai-Tibet Plateau
. The total HQs of organic pollutants in air for adults and children ranged from 9.77 × 10 −8 to 2.77 × 10 −3
. The carcinogenic risks of organic pollutants in air for children were generally 2.6-2.8 times higher than those for adults while the non-carcinogenic risks for children were as same as those for adults due to the same simplified equation and parameters. Generally speaking, children are still more affected by the pollutants in air than adults.
When OCPs, PCBs, and PAHs were all detected in air, the cancer risks and hazard quotients of organic pollutants increased in order: PCBs b OCPs b PAHs. The maximum HQs were much lower than 1, suggesting that non-carcinogenic risk posed by organic pollutants in air could be very low to negligible. On the other hand, the carcinogenic risks were ranked as very-low-to-low levels for adults and children. The results implied that the organic pollutants in air still exerted potential risks to human health and ecological safety, especially with relatively high concentrations.
Conclusions
Organic pollutants widely exist in biota, water, soil, air, and food of the Qinghai-Tibet Plateau. OCPs, PAHs, PCBs, and PBDEs were most frequently detected. In general, PAHs exhibited higher concentrations in soil/sediment, air, and plants than other pollutants, while OCPs showed the highest concentrations in fish, food, and water. Based on the results of risk assessment, the cancer risks of organic pollutants in fish, food, and water for adults and children were ranked at low-to-moderate levels while the non-carcinogenic risks almost reached unacceptable levels. The carcinogenic risks of organic pollutants in soil/sediment were ranked as very-low-to-low levels for adults and very-low-tomoderate levels for children while the non-carcinogenic risks were low. Ingestion exposure was the dominant risk source. The carcinogenic risks of organic pollutants in air were ranked as very-low-to-low levels for adults and children while non-carcinogenic risk was very low to be negligible. In summary, organic pollutants in fish, food, and water exerted more serious threats to human beings and the ecological safety, whereas those in soil/sediment and air also posed potential risks and deserve attention.
